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1 
The invention described herein may be manu- 
factured and used by or for the Government of 
the United States for governmental purposes 
without the payment fo me of any royalty thereon 
in accordance with the provisions of the act of 
April 30, 1928 (Chi 460, 45 Star. L. 467). 
This invention relates to chemical reaction 
paratus and methods, and more particularly to 
suitable methods and devices for carrying out 
endothermic chemical reactions involving solid 
and gaseous or vaporous materials. ,Still more 
particularly, this invention relates fo processes 
for the production of synthesis gas and fuel gas 
from subbituminous coal or other non-cakLug or 
non-agglomerating carbonaceous materials in 
vertically ranging externally heated annular 
retort. 
I-Ieretofore in the fuel converting art large 
reaction vessels requiring heat transfer af high 
temperatures, bave been made of refractory tire 
brick and heated by gas or oil-fired ovens. Such 
refractory tire-brick settings bave low thermal 
conductivity and they transmit heat relatively 
slowly compared with the heat transfer which 
may be transmitted through metals. In the 
heating of metallic reaction vessels, troubles are 
usually encountered from local overheating which 
causes excessive corrosion, unequal expansion, 
and short useful lie of the metal. If bas now 
been round that by employing the special heat- 
ing system herein described, alloy reacion res- 
sels can be heated safely and uniformly in con- 
trolled atmosphere, and their useful lire extended 
through a long period of continuous operation. 
Heretefore, in the production of water gas, 
synthesis gas, and the like, if bas been necessary 
fo employ batch operation, alternately fo blow 
steam through the incandescent fuel bed to yield 
such gas. It fs hot feasible te use low tank fuels 
such as lignite or subbituminous coal in 
chines employing intermittent alternating blasts 
of air and steam, because of decrepitation of the 
fuel under such treatment which causes excessive 
back pressure and abnormal losses n the form 
of fine dust. Therefore the low-rank fuels bave 
not been used for making water gas, but if bas 
now been round that in accordance with this 
invention, lignite, subbituminous coa!, or other 
non-coking fuels can be gasified successfuliy, and 
the desired water gas reactions, as well as other 
chemical endothermic reactions involving solids 
and gaseous materials, can be carried out in 
continuous manner af higher efficiencies than can 
be obtained bY other processes. 
In the United States the principal raw 
terials now used for manufacture of water gas 
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are the higher rank bituminous coals used either 
in their natural state or converted fo hard coke 
by well known carbonization processes. These 
fuels are hot reactive and high temperatures are 
5 necessary when gasifying them by reaction with 
steam or other gases. It is not feasible fo con- 
duct the so called water gas reactions on high 
tank fuels in metal vessels because o£ rapid 
deterioration o£ the vessels caused by the high 
10 temperature of the rection. On the other hand 
the low-rank fuels, such as subbituminous coal 
and lignite, bave relatively high reactivity, en- 
dowed by nature, which permits the various water 
gas reactions fo be conducted at relatively low 
15 temperatures within  range permitting use of 
alloy steel reaction vessels. For example the high 
rank fuels must be heated fo temperatures in 
excess o£ 1800 degrees F. in order fo make wter 
gas by reaction with steam, but the low tank 
20 fuels start to react with water at temperatures 
as low as 1200 degrees F., and in the temperature 
range 1550 te 1850 degrees F. the rate o£ reaction 
fs very fast, in fact £ast enough fo justify com- 
mercial operation. Thus it is £easible te make 
25 industrial water gas from low-rank fuels in ex- 
ternally heated metallic retorts because of the 
natural property of high reactivity possessed bY 
 these fuels, and this invention fs designed to take 
advantage of that property. 
This invention accordingly bas for ifs object 
30 the provision of a method and apparatus for con- 
tinuously carrying out endothermic chemical 
actions involving a solid material having gas 
forming and liquefiable constituents and 
gaseous substance. Another object is to provide 
35 a suitable method and apparatus for the con- 
tinuous production of synthesis gas from lignite 
or other non-caking carbonaceous material. 
Another object fs the continuous production of a 
gas containing a controlled ratio of hydrogen fo 
40 carbon monoxide from non-caking carbonaceous 
materials, while producing a maxim .um quantity 
of condensible oil or far from the carbonaceous 
materials with gasiî2cution of the carbon residue. 
Further objects relate to the production of rela- 
45 tively smokeless fuels from non-caking coals; to 
the reduction of metallic ores such as those of 
iron, magnesium, zLuc, and similar ores; and fo 
suitable apparatus for carrying out the foregoing 
 reactions and reductions. An important object 
0 of the invention is the provision of a suitable 
combustion system, which employs improved 
means of recuperation, for heating the vertically 
ranging externally heated retort, and an im- 
proved ah'-cooled fan for recirculation of prod- 
5. ucts of combustion. This heating system makes 
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if possible fo conduct the several processes de- 
scribed herein at maximum thermal eciency. 
Other objects of the invention will be apparent or 
will appeal- as the ensuing description proceeds. 
In accordance with this invention an endo- 
thermic chemical reaction process involving .a 
solid material and a gaseous or vaporous sub- 
stance is carried out by passing said .màterial 
through a stage heated annular reaction zone 
while withdrawing gaseous reaction products.from 
a heat exchange zone enveloped by said reaction 
zone. If bas been round that stage heated annu- 
lar reaction zones provide superior means fol- 
carrying out endothermic chemical.reactions be- 
tween solids and gases of vapors, since heat can 
be supplied fo the reactants with very high e- 
ciency in heat resisting metallic vessels, and by 
utilizing the interior of an armular reaction.zone 
as a heat exchange zone for withdrawing gaseous 
or vaporous products, increased eciency can be 
;obained. 
-This invention also contemplates cam'ying, out 
anendothermic chemtcal-reactton involving,gas- 
eous and solid materials by .passing aid mate- 
rials concurrently downward through an exter- 
-nally-heated verticallyranging elongated annu- 
lar reaction zone, withdrawing-gaseous .products 
from said reaction zone near'thezone.Of maxi- 
mum.ieaction temperature and discharging said 
gaseous products upward]y while maintaining 
them in indirect heat exChange relation .to said 
,descending reactants, .thon dischargin spent 
solids from a lower.annular reaction zone coun- 
,ter-currently fo ascending-gases, whfle main- 
taining said lower annniar reaction zone in in- 
.direct :heat exchange relation with incoming 
,gaseous -or vaporous reactants. y providing'two 
anmilar reaction zones as described, theentering 
slit and gaseous m.aterials are preheated ,whfle 
:recovering heat from exha.usted gaseous prod- 
 UCtS,-anal after attaining a maximum reaction 
temperature, the solid reactants-are .further 
passed in heat exchange relation fo additionál 
incoming gaseous or ,vaporous reactants-or, car- 
ier. gases. s th case may be. 
Thisinvention.also comprises suitable appara- 
tus 'for carryin.g out endothermic chemical reac- 
:tions comprising an etongated vertically ranging 
vessel having means for .heating the same and 
aheat exchange device within said vessel defin- 
-ing therewith an annulaï ïeaction zone, said de- 
"vice-having an-0pening therein communicating 
-with said annular reaction zone for withdraw- 
ing gaseous products of reaction from said zone. 
(In .the following description, it should be un- 
derstood that the terre "gaseous" includes ma- 
terials vhich are vapors af the temperatu]es en- 
.countered, such as for-example, steam, off vapors, 
-and similar materials. F"drthermore the terms 
-non-caking, nonagglomerating, or non-coking 
are associated with and define a material that 
does not swell or fuse fo destroy its ability fo 
-moe by gravity as.a rela.tiely free-flowing ma- 
"terial. In describing the apparatus and method 
of this invention,-the description wiI1 be directed 
pr}ncipally to the gasification of lignite .or sub- 
bit.uminous coal, but the invention is nst ]imited 
-theretoas will be apparent. 
The readeï will .appreciatethe impro'¢ement in 
the al;t and eciency oï gasification of fuel ruade 
po.ssible .by this invention when ho considm the 
brief.comparison, cited herewith: 
JInlresent commercial processes for the.manu- 
facture of synthesis .gas .from coke, a practiced 
b.large %Var II industries, one ton of high-rank 
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bituminous coking coal of 13,500 B. t. u. per 
pound, after coking in a coke oven, will make 
 about -35,0.00. eubic foot, of. synthesis «gas. The 
conversion ruires 2 .steps;  . -Coking in the 
5 coke oven by intermittent operation; and, b. 
. Gasification in a water gas machine by intermit- 
tent blasting with air and steam. In the con- 
'tinuous process comprising this invention one 
ton of .natual subbituminous coal containing 
0 about 2 .percent water and having a heatin 
value.of-on!y 9,.300.B.t.u. per pound, is gasLfied 
continuously to produce 45,000 cubic feet of net 
synthesis-gas in -a single stage process that oper- 
ates«automatically. 
r5 In order fo accomplish the high conversion ef- 
ficiency, ranging from 60 to 75 percent or higher, 
the.heat saving devices and the counter-current 
heat exchange-principtes outlined herein bave 
been invented. 
20 In the accompanying  drawings: 
Figure 1 is a-view partly in section and partty 
-diagrammati.showing a vertically.ranging an- 
nula-reaction apparatus ha-ving an .external 
heating chamber .and a recuperator .associaed 
25 herewith. 
Figure 2 is'a view, partly in section and partly 
diagrammatic, showilg a vertically ranging an- 
nular reaction appaïatus similar to Figure 1-and 
showing also asuitable.arrangement for feeding 
:.0 incoming solids; removing,-cooling, end-scrub- 
bin evolved gaes and vapors; and recycling 
products.of combustion. 
Figure 3 is a view, païtlyin section and .païtly 
diagrammatic, showing a generating unit and 
-35 the recyciing-apparatus-of-Figure 2 on a-some- 
what enlarged scale. 
Figure 4 is.a view, partly in section and partly 
diagrammatic of the device of Figures 1 noE 2 
suitably modified by he addition of heat -ex- 
40 change means for .imparting heat to incoming 
solids from th spent products of -combustion, 
and also providing a ifferent arrangement of 
annniar domes in the reaction zone.particularly 
.adapted to the production of.oil and fixed gases 
 45 from oilbearing shales, or .low-.temperature far 
and fixed gases .îrom-non,coing coals wherêin 
secondary decomposition of .distillation .products 
is repressed. The figure also shows.an arrange- 
50 .ment of a bubble tower for fractional condensa- 
tion of vapors. 
.Figure 5 is an-enlarged-sectional view, partly 
diagrammatic, wheein 'the central reaction an- 
.nulus of -Figures '.1, 2, 3 and 4 is formed ïrom a 
.55 p!urality of segmental .overlapping arinuli 'to ac- 
commodate removal of-.vapors. 
Figure 6 is an enlarged 'iew, partly diagram- 
matic, of-an alernati'e arangement for the cen- 
tral annulus of the apparatus shown in Figures 
.0 1, , 3 and 4, wherein the annulus has a series 
of slotted orifices for venting evolved gases as- 
sisted by the Venturi-effect. 
Figure 6 is a detailed section of optional ori- 
fices in the innsï cylinda-ical annulus of Figure 6. 
5 Figure 7is an enlaïged sectional view of a fur- 
ther alternative arrangement for the armular 
reaction apparatus .oï Figures 1, .., 3 and 4 pro- 
vided with a supplementary het exchanger in 
the central portion Of the upper heat exchange 
 zone whereby gases admitted to the lower heat 
exchange zone take up heat .from the gaseous 
products of reaction. 
Figure 8 is an enlar.ged view, partly in section 
and partlF diagçammatic, er the armular portion 
 of the appara.tus of Figure  proiding means for 
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recirculating a portion of the fixed gases to the 
lower annulus. 
Figure 9 is an enlarged detailed sectional view, 
partly diagrammatic, showing a modification of 
the superposed annular reaction apparatus of 
Figure 7 adapted t0 the successive distillation 
of volailles and gasification of residual carbon in 
non-agglomerating carbonaceous materials, such 
as lignite, subbituminous coal, and off shales. 
Figure 10 is an enlarged sectional view, partly 
diagrammatic, showing the annular reaction de- 
vice of Figure 3 having a suitable arrangement 
for introducing gas-oil or carburetting off to both 
annular zones whereby carburetted water gas 
can be ruade continuously. 
Figure 11 is a sectional view, partly diagram- 
matic, showing the addition of a second inner 
elongated annulus fo the apparatus of Figures 
1 and 3 whereby the apparatus becomes well 
suited for the reduction of granular iron ore. 
Figure lla is an enlarged view taken on the line 
BB of Figure 11, showing the construction of 
optional vents for transferring gas from the inner 
to the outer annular zone. 
Figure 12 is a sectional view, partly diagram- 
matic, of the lower part of the annular reaction 
vessel and furnace of Figures 2 and 3 showing a 
suitable mechanical scraper for removing spent 
material from the lower annulus, and a transfer 
screw to move the material into a gas producer. 
Means for directing hot gas through a dust- 
catcher and fo the burner manifold are indi- 
cated. Figure 12 also shows a preheater inside 
the combustion chamber for preheating steam or 
fixed gases introduced into the lower annulus. 
Figure 12a is a detailed section of the inlet 
pipe fo the lower reaction zone showing a pack- 
ing gland and collar. 
Figure 13 is a sectional view, partly diagram- 
matic, of the lower part of the annular reaction 
vessel and ïurnace of Figure 4 having a central 
draft inlet for introduction of air and steam fo 
gasify fixed carbon and volatile matter in spent 
shale or carbonaceous material discharged from 
the heated reaction annulus, a transïer screw to 
remove spent material and means for cooling the 
outgoing solids. 
Figure 13a is an enlarged view of the central 
draft inlet showing an arrangement of ports and 
conical baflles providing for introduction of a 
gaseous reactant. 
Figure 14 shows sectional views oï the brick- 
work, gas fn'ing ports, air ducts, and combustion 
chamber surrounding the annu!ar vessel of Fig- 
ures 1, 2 and 3. In Figure 14a the section is 
drawn horizontally across the vessel ai points 
C--C referred to in Figure 1. Figure 14b shows 
a section through DD and Figure 14c is a section 
through EE of Figure 1. 
Figure 15 is a sectional view, partly diagram- 
matic showing the apparatus suitably modified 
fo provide for 'the continuous reduction of met, al- 
lic ores wherein the reduced metal is vaporizable 
ai the temperature of reduction and is recover- 
able through a suitable infernal condenser. 
Figure 16 is a view, partly in section and partly 
diagrammatic, showing an optional arrangement 
of the combustion system involving direct recir- 
culation of products oï combustion. 
Figure 16a is an enlarged view, partly n sec- 
tion and partly diagrammatic, showing the 'gas 
duct and air-cooled fart assembly of Figure 16. 
Figure 16b is an enlarged diagrammatic view 
of the air-cooled ïan. 
The following brief description exllains a pro- 
cedure ïor making gas from un-dried subbitumi- 
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nous coal by the method outlined in this in- 
vention. Referring to Figure 3, freshly mined 
subbituminous coal containing about 22 percent 
moisture is charged into the top of the apparatus 
5 and directed downwardly by gravity through an- 
nular preheating and reaction zones. Steam is 
mixed with the coal and reaction begins as the 
temperature increases. The products of reac- 
tion are removed from the interior oï the annular 
10 reaction zone and give up a substantial portion 
of their sensible heat to incoming reactants. 
Solid materials hot combined with reactants in 
the upper zone are then directed downwardly 
where they contact cooling gases which trans- 
15 fer heat from the solids back toward the center 
of the system, and the spent solids are discarded 
ai a low temperature. Thus, heat for carrying 
out the gasification reactions is retained near the 
center of the system, and products leave ai low 
20 temperature which insures high efiïciency. In 
gasifying un-dried subbituminous coal, up to. 
95,000 gross cubic ïeet of water gas is obtained 
per ton of coal treated. The spent residue con- 
tains only 2 fo 10 percent of the carbon originally 
25 present in the raw coal charged. Part of the gas 
ruade may be çl!rected back for heating the reac- 
tion vessel or suitable producer gas may be gener- 
ated from spent solids to supply heat for the reac- 
tions. The combustion system is arranged fo re- 
30 turn heat fo the high-temperature zone and fo 
recover substantially all the heat from the 
evolved gases. 
For a practica! embodiment of the invention, 
and referring now fo the drawings, an elon- 
35 gated vessel 5 which may be vertically mounted 
as shown, is provided near ifs upper end with a 
suitable device for feeding solid materials later 
fo be described, and is closed ai ifs lower end br 
a suitable closure device forming a part of the 
4.o supporting means for the vessel 56. As shown in 
Figures 1, 2, 3 and 4, the closure device is an in- 
verted conical annulus |30 or a fiat circular cup 
as shown in Figure 12. The vessel  may have 
any desired cross-sectional form, but itis preï- 
erably ruade circular in order to simpliïy con- 
45 struction. Connecting the conical discharge an- 
nulus |31 and the vessel 6 is an expansion joint 
seal 65, which may be of the fianged or ring type. 
The conical annulus |30 or fiat circular cup 74 is 
supported by suitable adjustable resilient mount 
5O 49 or 4,a which may take the form of springs or 
hydraulic jacks (hot shown) adapted to exert an 
upward pressure against the ïorce of gravity and 
fo maintain any desired stress condition in the 
vessel 66. 
55 Connected to the conical annulus |3 is a de- 
vice ïor d]scharging spent solid material while 
maintaining a gas-tight seal. As shoWn in 
Figure 4, the device comprises a pair of op- 
positely rotating serrated cylinders or star feed- 
6O ets . Below the cylinders 8 is a butterfiy valve 
|3| for causing solids fo be vented into a water- 
seal |76. The seal |S is provided with a drag 
conveyor 5a. Alternatively, the discharging de- 
vicè as shown in Figure 2 may take the form of 
c5 a rotary.vapor sealing valve Sa of the paddle 
wheel type in conjunction with a water-filled 
screw conveyor .. A further modification oï the 
discharging device, shown in Figure 12, may take 
the form of a fiat circular cup 7 supporting the 
7o vessel g having a revolving curved paddle 
scraper 3 fo take solids from the periphery and 
fo discharge them through the central duct 67 
where they are ïed fo a screw conveyor 5} com- 
municating with a gas producer 59. The hot 
75 carbonaceous solids are cooled by introduction 



of a cooling gas or liquid through cooling ports 
70 in the conveyor 58. When water is used-for 
cooling, an effective gas seal for moderate pres- 
sures is obtained between the vessel 58 and the 
gas producer 59. In operating this form of dis- 
charge, the scraper 63 is turned by vertical shaft 
68 and pinion 59, which may operate st variable 
speed to adjust the rate of discharge suiçably 
correlated with the driving pulley.88 for the con- 
veyor ={}. A further modification Of the dis- 
charge devtce, shown in Fïgure 13, muy take 
the form of a sloping screw conveyor 5D driven 
by a variable speed motor (hot shown) attached 
to drive pulley 88. Dry matertal can be removed 
by this device st constant rate depending upon 
the speed of the screw 5{} conveyor. Sealtng is 
accomplished by introduction of cooling water 
in ports ]{}. The packing gland 7.7 which is simi- 
lar to .that shown in Figure 12a, can be adjusted 
fo compènsate for expansion of vessel 56. A 
further modification of the discharging device, 
shown in Figure 15, may take the form of a 
hold-up receiver 98 provided with a suitable inlet 
vapor sealing valve S2 communicating with the 
vessel 56 and an out!et vapor sealing valve 
discharging the contents of the hold-up receiver 
93. For operation st a pressure substantially 
different from atmospheric, the receiver 98 is 
provided with a pressure-equalizing valve 
In operating this form of discharging device, the 
valve 92 is opened while valves 4|3 and8 are 
closed, and a portion of the contents of the vessel 
56 are allowed to enter the receiver 3. There- 
upon valve 92 is closed, venting valve '4 3 is 
opened, and discharge valve 84 is opened. 
For the purpose of defining an annular reac- 
tion zone while removing the formed gaseous 
products with concurrent internal heat ex- 
change, there is aligned within the elongated 
vessel 55 a suitable heat exchange device 53 de- 
fining with the vessel 56 an annular reaction 
zone 3. As shown in Figure 6, such a device is 
an elongated cylindricat annulus 58, spaced away 
from and aligned with vessel 56 or an elongated 
annulus, as shown in Figure 15, of reduced diam- 
eter st its lower end. In either case the annulus 
8 is open st its lower end, and extends substan- 
tialiy the entire length of the vessel 5. Located 
within the reaction zone 83 are positioned a plu- 
rality of spaced temperature-responsive ele- 
ments , 4, |4, and |4 for indicating tempera- 
tures on recording devices (not shown), and to 
aid in controlling reactions later to be described. 
Preferably, the temperature responsive elements 
{}, |{}, ||, and 4 are supported on the heat ex- 
change device 58. Surmounting the upper por- 
tion of the cylindrical annulus S8 is a vent pipe 
 | for removing gaseous products from the heaç 
exchange 'zone a. within he cylindrical an- 
nulus 58. 
Suitable means are provided for conducting 
evolved gases from the reaction zone 33 into the 
heat exchange zone ' being shown in Figure 6a 
as a plurality of circumferentially-spaced louvers 
|29 in the cylindrical annulus 58. Alternatively, 
the gas-conducting means may take the form 
of a plurality of slots 8 as shown in Figure 6. 
Optionally, as shown in Figure 5, the cylindri- 
cal annulus 58 may be fonned of a plurality of 
spaced overlapping frustro-.conical annuli 
whereby gas passes between the annuli $ 32. This 
firm of the annulus 58 provides for removal of 
reaction gas throughout the entire length of the 
reaction zone 33, .thus minimizing undesired de- 
composition. 

 For the treatment of solids which tend to swell 
or do not shrink substantially during treatment, 
the cylindrical annulus 58 is preferably made 
progressively smaller in diameter toward its 
 lower portion, as shown in Figure 15, thus mak- 
ing the annular space 33 of increasing width 
progressively toward the bottom in order to 
ïacilitate free gravitational flow of solids down- 
wardly through the reaction zone 33. 
I0 Suitable means for feeding solid materials, 
alone or admixed with liquid or gaseous sub- 
stances, are provided near the upper end of the 
vessel §}. As shown in Figure 2, such means may 
comprise a conveyor or skip hoist (not shown) 
1. leading to a hopper 3{}. From the hopper 3{} the 
solid feed material passes downwardly by gravity 
through vapor sealing cone valves 34 into a pre- 
heating zone ',{} in the vessel @ as shown in 
Figures 2, 3 and 4. The cone valves 3 | are actu- 
o0 ated by means of suitable wheels 32. Other suit- 
able means for introducing solids continuously 
into the top preheating zone 8{} may be used. 
Optionally, as shown in Figure 15, for operation 
st a pressure substantially different from st- 
25 mospheric, pressure retaining valves 
may be employed for admitting materials from 
the hopper 
Upon entering the vessel 5 a relatively large 
body of.incoming solid materials is held up in the 
30 preheating zone 38 deflned by the vessel 5 and 
the vent pipe 44, whereby heat is taken up by 
the solids ïrom the evolved gases passing in in- 
direct countercurrent heat exchange relation- 
sl]ip fo the solids. 
S5 If desired, suitable means are provided for ad- 
mitting gaseous or vzporous materials to the.pre- 
heating zone 80 in the upper portion of the res- 
sel 6. As shown in Figures 2 and 3 an inlt pipe 
38 is connected to an annular jacket  positioned 
40 in the heat exchange zone 8{} surrounding the 
vent pipe  | whereby the hot gases issuing through 
the vent pipe 4 | serve to pre-heat the incomini 
vapors. The jacket 8 is provided-with suitable 
openings near the lower portion-thereof or is 
45 merely left open st the bottom, as shown, so that 
steam or other gaseous reactant is adrnixed in 
the preheating zone 89 with the solid materials. 
The preheating zone BD is suitably lagged or other- 
wise insulated against heat losses by a heat in- 
5O sulating layer 
For many chemical reactions involving solid 
and gaseous or vaporous reactants, it has been 
round that a plurality of infernal best exchange 
devices mounted in the common elongated vessel 
55 5 provides a superior annular reaction apparatu, 
particularly where it is desired to carry out a mul- 
tiple-stage reaction involving concurren treat- 
ment of solids and gases in a first annular reac- 
tion zone and countercurrent treatment of solids 
6o and gases in a second annular reaction zone. A 
suitable orm of apparatus particulariy shownin 
Figures 1, 2, 3 and 4, comprises a cylindrical an- 
nulus 58 occupying the upper portion of the elon- 
gated vessel §@ aligned therein and surmounting., 
6 but spaced from a lower cylh]dric.al annulus 3". 
As shown, the lower cylindrical annulus 3 is 
capped by a conical closure 43. The wall of the 
lower cYlindrical annulus  dêfines with the wall 
of the elongated vessel $ a second or lower re- 
70 action zone 85 in which solids may react with or 
evolve gases or vapors. ïï]e bottom of both the 
annulus 56 and the annulus $ are open to permit 
free gas passage. The lower portion of annal_us 
56 and the conical closure 
75 deflne a throat 3' for permiting escape of gases 
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om tie reaction zones SS and S into heat ex- 
change zone 4{}. 
Optionally, suitable means for measm'ing the 
temperatures prevalent in the annular reaction 
zone $5 may be provided, and as shown, a tem- 
perature responsive device t4 may be suitably 
positioned fo ,indicate reaction temperatures. 
Where if is desired fo introduce gases or vapor 
into the lower heur exchange zone t35 or into 
the interior of the cylindrical annulus SG, such 
gases or vapors may be suitably introduced by 
way of an inlet pipe 7. For some reactions, such 
as gasiflcation of chars from non-coking coals, 
superheated steam or gases may be introduced 
into the reaction zone 5 as shown in Figure 12, 
by passing the vapors through a preheating de- 
vice St located in the combustion chamber 24. 
When operating in this manner gases or vapors 
are introduced into inlet pipe 37 and are pre- 
heated preferably in a cofl or annular jacket St 
mounted on the walls of combustion chamber 24, 
and are thence passed into the vessel SG. As 
shown in Figure 12a, the inlet pipe $7, in entering 
the vessel 5 is packed in a packing gland t77 
by a rammed packing t 78. 
An alternative arrangement of apparatus to 
secure transîer of heat from the evolved gases 
and vapors in the upper heat exchange zone 4{} 
may be secured, as more particularly shown in 
Figure 7, by passing the incoming gases or vapors 
going into the lower heat exchange zone t $5 
through an inlet pipe 62 communicating with a 
source of gaseous reactants, and through a heat 
exchanger 4 positioned in the upper heat ex- 
change zone 0, and thence into the lower cylin- 
drical annulus $6. 
For some reactions, particularly the production 
of oil from off bearing shales or high volatile non- 
coking coals, if may be desirable to recirculate a 
portion of the flxed gases evolved from the upper 
heat exchange zone 40 into the lower heat ex- 
change zone t SS. As shown more particularly in 
Figure 8, this may be accomplished by passing the 
evolved gases or vapors through a suitable con- 
densing device $, a recircu]ating pipe tS, and 
a regulating valve t7, to return the gases through 
the inlet pipe 7. By this means, a large quan- 
tity of carrier gas can be passed through the re- 
action apparatus in direct contact with the solid 
reactants fo provide for more rapid transfer of 
heat and removal of evolved products as well as 
fo repress formation of flxed gases. 
In some multiple-stage reactions, for example 
in the successive distillation and. gasification of 
oil-bearing shales or non-coking coals, an inter- 
mediate cylindrical annulus t6 as shown in Fig- 
ure 9 serves fo permit the withdrawal of inter- 
mediately-formed gases or vapors. In Figure 9, 
the upper cylindrical annulus 5 and the lower 
cylindrical annulus $$ are shortened fo provide 
space in the vessel $ for a similarly aligned in- 
termediate cylindrical annulus t$. The inter- 
mediate annulus t$ (Figure 9) is spaced apart 
from the vessel 5 to deflne an intermediate re- 
action zone t55, and is open at the bottom and 
spaced apart from a lower conical closure tS4 fo 
form a throat $4 for collecting evolved gases in 
the intermediate heat exchange zone t59. Cap- 
ping the intermediate cylindrical annulus t$ is 
a conical closure tSG which is connected fo and 
provides a seat for a vertical vent pipe t 57 passing 
upwardly through the upper heat exchange zone 
4 and thence out of the vessel 55. 
Associated with the elongated vessel $ are 
novel heating means for supplying necessary en- 

10 
dothermic heat. fo carry out the reacti0iis 
place in the annular reaction zones SS, $5, and 
As shown in Figure 3, such means may take the 
form of a combustion chamber having an outer 
5 casing t associated with a recuperator having 
an outer casing t 6 for recovering heat from com- 
bustion gases, an exhaust fart t4S, a fresh air 
duct 27 or alternately t S, and suitable adjustable 
means including .a valve t48 for recirculating 
10 a proportion of flue gases or p. o. c. (products of 
combustion) fo the combustion chamber as a 
tempering medium for controlling flame tempera- 
tures in the combustion zone 24 heating the ves- 
sel 58. 
15 The combustion chamber outer casing 
(Figures 1, 2, 3 and 4) has a suitable base struc- 
ture t 7 t and bottom closure t 7 mounted therein, 
embracing the vessel 5 in a gas-tight sliding fit. 
The top of the casing tS9 has a cap t4 embrac- 
2O ing the upper portion of the vessel 6 in gas-tight 
sealing engagement therewith. The casing 
is provided with an insulating refractory lining 
57 through which extend a series Of tangential 
burner ports 2, 2t, and 22 shown in detail in 
5 Figure 14. The tangential burner ports 2{}, 
and 22 are mounted in the outer casing t9 ai 
dLfferent leve!s and direct burning fuel into the 
combustion zone 24 around the vessel 56.. A series 
of vertically ranging gas passage ducts t9 identi- 
30 fled by ducts A, B, C, D, E, F, G, I-t, I, J, K and L 
of Figure 14g are formed in the lining 57 and 
supply a preheated mixture of air and recircu- 
lated products of combustion (p. o. c.) to tangen- 
tial burner ports 2, 2t, and 22. In Figures 14a 
35 and l@b, an arrangement of the tangential humer 
ports af two levels is indicated. In Figure 14a 
which represents a cross section through baflle 
 at C--C in Figure 1, an arrangement of twelve 
vertical ducts t9 is indicated by clock-wise letter- 
4O ing from A fo L. Such ducts are suitable for tir- 
ing a medium sized combustion furnace. In a 
larger furnace a plurality of ducts would be pro- 
vided fo supply preheated air and products of 
combustion at dLfferent levels as the furnace in- 
45 creases in height, having about the saine distribu- 
tion ai each level as that indicated in Figure 14b. 
Ducts t9 may be of any suitable shape and size 
fo provide for required gas-flow. Referring to 
Figure 3, the refractory insulating material 
5O outlining the combustion zone 24 within the outer 
casing t 9, is preferably ruade of light-weight in- 
sulating refractory key brick but suitabte plastic 
insulating refractories that can be cast in place 
may be used. A gas passage manifold t is 
55 formed in the lining 57 near the upper end there- 
of and provides a common source of supply for 
the ducts rg. Each duct t9 has an adjustable 
gas metering valve t6 which may be manually 
controlled as shown. Preheated air and p. o. c. 
6O mixture is supplied to the manifold t7 from the 
recuperator by a horizontally ranging inlet duct. 
t6 COlmecting the recuperator and the manifold 
In the combustion zone 24 (Figure 3) a flame 
65 guard 2S extends flore the bottom closure t T or 
from the top of the refractory bottom lining up- 
wardly toward burner ports 2t and embraces the 
vessel 56 to protect if from excessive local heat- 
ing. A horizontally ranging deflecting baflle 
7O is located in the upper portion of the combustion 
zone 24 below a discharge flue 25 fo cause.com- 
bustion gases fo travel completely around the ves- 
sel 
A flue 25 in the casing tSt connects the upper 
75 portion of the combustion zone 4 above the bal- 
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fie 65 with the recuperator and serres to conduct 
combustion gases from the combustion zone 24 
fo the recuperator as shown in Figures 1, 2, 3 or 4. 
The recuperator comprises an outer casing 
mounted upon a base 62 forming a bottom clo- 
sure suitably supported by means not shown, and 
a cap 6 forming an upper closure. The outer 
casing 6 is provided with a suitable insulating 
refractory lining 63 fo minimize heat losses. 
Vertically disposed in the casing 6 is a suitable 
tube bundle  66 supported by an upper tube sheet 
 67 aud a lower tube sheet  68. (Figure 3). Suit- 
able horizontal deflecting baffies 42 are disposed 
inside the casing 6 about the tube bundle 
fo provide, for an elongated gas passage traveling 
about and through the tube bundle 66. The 
productsof combustion issuing from the combus- 
tion zone 24. through the flue 26 enter the recu- 
lertor below the upper tube sheet .67 and pass 
do.nwardly about the tube bundle 66 (Figure 3). 
They are removed from the recuperator through 
aflue .ufter giving up their heat and are thence 
passed through an exhaust fan  3 into a stack 
jllncture casing  69. A lower header  66 is formed 
in thelower portion of the casing  6. and is adapt- 
ed tQ distribute incoming, air' and. p. o. c. through 
the interior of the tube bundle 66. An upper 
had.er 6 is formed by the upper tube sheet. 
alfl passes fresh air and recirculated products 
of combustion into the inlet duct 66. The stack 
jucture casing 69, upon which is mounted the 
s_tck.6, is provided with a stack valve 6. 
c.gsi!g 69 also has a valve 6 through which 
a:aorrol_led proportion of preducts of combustion 
eau be reairculated fo the system. Connecting 
th fr.esh, air. inlet 21. and the stack junctue 
i.s. a juncure. 2:.@ for admixing recirculated flue 
gaeswithfreslcombustion air. Connecting the 
recuP, eto, r. lower header 65 and the juncture 
2.. is. a. ducù 26: through vhich fresh air and- a 
eontrolled, proportion of combustion products 
m_aY b¢ sent through the tube bundle of the re- 
ule$.tor. 
Op.toally, suitable means for introducing air 
itQ, thsystem is through inlet duct $ forming 
s,_j.1.nction ith duct- 26 in advance of exhaust 
fn. .$_ kresh air introduced ai this Point serres 
fo cool:the fan.blades. OEhe fresh air and p. o. c. 
mixttlre,, handled by the fan is circulated back 
thr.e.ugh the system through duct 2» and part 
is.. di_scgr,ded, fo the stack 62 by regulation of 
v.v.es:. 1.45.. and 146. 
O_tio_nall, suitable means, are provideoE 
Loving_ additioral waste heat ïrom the Stack 
g a.S_e a.!!conc urr.e nf ly. dryin andpreheating-the 
sçlidfe.¢dmaterial to.the vessel 66, As shown in 
1igtlre. 4, such mans compris an annular gas 
cçnduçting jacket I16 surrounding the upper por- 
Mo of the elongated vessel. 56 proecting from 
tll cap140.and adaptedto receive flue gases ïrom 
t._h.modified stac]r 52, Engaging the upper por- 
ti0,f:th acket Il Sis asuitable.flue 116 adapted 
fo remove the flue gases issuïng rom the annular 
,ack_e 115, Associated with the flue 116 is an 
aXfllary, combustion chamber I1 adapted fo 
provide additional heat fo. the combustion gases 
fo drying the solid feed material as next fo be 
Sur.ountfig the elongatdvessel 56 (Figure 4) 
i.t.i_: m_ed ïorm.of the apparatus is a dry- 
ing cha.mber  adapted fo provide intimate 
ctat beten the solid; eed materiat and. fle 
gaes, çhe flue 116 conducts gases ïrom the 
j_aÇ¢t..I 15«  the auxiliary combustion Cham- 
b.erï 1-7; ino th¢ dryin Chamber I I af a con- 
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trolled temperature indicated by temperaturere 
sponsive e!emen 18. Horizontally dis.uosed in 
the ça'ying chambeï 4 are a plurality oï in 
vertd metallic defiecting angles ! 8 shown in de 
5 raff in Figure 4a. The angles 5 are adapted 
to provide gas passages for the flue gases through 
îine-size sclid feed materiat, and the spent gases 
leave through duct 8. 
Optionally, ff the soid material being treated 
10 is of c!ose-graded size through whch gases will 
flow with only moderate pressure drop, by closfl]g 
valve .83 and opening vale , the heating gases 
are defiected îrom the botom of the metatlic 
deflecting angles  (Figure 4) are forced to 
15 teave the system by passage thïough the broken 
solid material. This system of operation pro- 
rides more contact surface and the heat is traus- 
ferred very efficiently. If desired, moist carbona- 
ceous materia]s may be previously dried with 
20 high-pressure saturated steam belote entering 
the system. 
In the operation of the heating system or de- 
vice associated with and forming a part of the 
reaction apparatus, fuel from gas header  
25 (Figure 4) is burneà at the burners 2-0, 2 , and 22 
in controlled aïnounts. The highiy heated prod- 
ucts of combustion ascend and swirt about the 
vessel ç. They are then directed past the hori- 
zontally ranging baffle 3 through the flue 25 into 
30 the recuperator outer casing @. In the recuper- 
ator casing , the products of combustion Pass 
downwardly in indirect countercurrent heat ex- 
change relationship with incoming tempered air 
and p. o. c., being directed through the recu- 
35 perator in an elongated path by the baflles 2, 
and give up a substantial portion of their sensible 
heat. Issuing from the recuperatoï near the 
lower portion thereof, the partially cooled prod- 
ucts of combustion pass by way of the flue 2 
0 through the fan  into, respectively, the stack 
2 and the fresh air duct 2 in accordance with 
the arrangement of the gas-flow regulating 
valves 45 and 46. Fresh air or other source 
of oxygen for combustion enters through the air 
45 duct -, is mixed with a pre-determined quantity 
of combustion products af the juncture 2a, and 
the dituted or tempered air then passes through 
the flue -8 back through the recuperator G and 
into the combustion chamber maùfold . Op- 
50 tionally, fresh air may be introduced into the sys- 
rem through port  in duct 2 just in front of 
the fan as previously described. From the mani- 
fold , the tempered and partially preheated air 
passes downwardly through the metering valves 
55  into the preheating ducts I and.thence to 
the burners 28, 2, and 2, in suitably metered 
amounts..as shown, the preheating ducts  are 
in indirect countercurrent heat exchange rela- 
tionship with the combustion zone 24 and the 
60 contained upwardly-moving products of combus- 
tion. By this arrangement and correlation of 
parts, a very desirable uniformly-controtled heat- 
ing is secured for the etongated vessel  and the 
heating is carried out with very high thermal 
65 efficiency. 
In operating the preheating and heat inter- 
change devices for drying, roasting, or îurther 
abstracting heat from the products of combus- 
tion issuing from the stack 2, or duct 152, he 
70 products of combustion pass from the stack 6. 
into the heat exchange jacket    and give a por- 
tion of their heat fo the reactants in the preheat- 
ing zone 88. Thereupon, the partially cooled 
products of combustion pass through the flue 
7 f.6, are .optionally mixed with additional prod- 
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uts Of Combustion generated in the ai]xfliary 
combustion chamber t t2, and thence are passed 
into the preheater or dryer t t 4. Throughthe in- 
terstices formed in the soiid materai bed by the 
membêrs t54, the combined iròdflCt Oï combus- 
tion give up their heat to the solid materiàls and 
suitaliy Dreheat and dry ttle feCÁ imateriàl pass- 
ing to the preheating zone 80 ri'oto ttlé hopper 
Optionally another form of the heating system 
is illustrated in Figures 16, 16a and 16b. The 
combustion system in casing t39 is the saine as 
that previously described but the recuperator is 
omitted and replaced by a specially buflt ïan for 
recirculation of highly heated products of com- 
bustion. The fan t85 is mounted on a platform 
t98 supported by brackets t92 and colLuected to 
the shell casing t3]. Itis constructed of mate- 
rial adapted to withstand high temperatures and 
is insulated by a suitable insulating layer ]94. A 
plurality oï hollow blades rg0 are mounted on a 
hollow shaft t88 extending into the fan casing 
200. The hollow shaft t33 is camùed by suitable 
outboard bearflgs t95 which are placed away 
from the heat on a suitable mounting. The shaft 
extends into an air junction box t35 and is driven 
by pulley t , connected to a suitable prime mover 
(not shown). 
In the operation of this optional heating sys- 
rem or device associated with and forming a part 
of the reaction apparatus (Figure 16), fuel is 
burned ai the tangential burners , t, and 2 
in controlled amounts. The highly heated prod- 
ucts of combustion ascend and swirl about the 
vessel 55 and are directed past the horizontal 
baffie 53 through the flue 5 partly into the re- 
circulating ïan 3 and partly into the duct 9. 
The ïan picks up a predetermined volume of 
products of combustion for return to the system 
through manifold , and also takes fresh air 
into the system for admixtm-e with products of 
combustion. Fresh air, regulated by valve 8, is 
introduced into or drawn through air metering 
box 8 and passes through the hollow shaft 8 
into the hollow fan blades 90, where it emerges 
through ports 89, preferably located on the trail» 
ing edge of the blades, and mixes with products 
of combustion. The fresh cooling air traveling at 
high speed through the hollow shaït and blades 
cools the metal and allows the fan to operate in 
the envelope of highly heated products of com- 
bustion. The discarded products of combustion 
passing through duct 2 enter a countercurrent 
heat exchange device 4, where they give up the 
major portion of their heat fo gases or vapors 
used in the reactions carried out in the reaction 
vessel 5. The gases or vapors are introduced 
into the heat exchange device 49 through port 
9, and they leave through port . Optionally 
he discarded products of combustion may be 
used ïor predrying or roasting solids as previ- 
ously described and illustrated in Figure 4. 
Process ]or disillaion in single anulus 
In the operation of the apparatus for distilla- 
tion oï carbonaceous materials when employing 
a single elongated heat exchange device 58 with- 
in the housing 5 illustrated in Figures 5 and 6 
mounted in the setting of Figure 4, solid ïeed ma- 
terial, such as lignite, non-coking coal, or off- 
shale, is suitably fed to the hopper S and passed 
downwardly through the preheater ! 54 and valve 
3! into a further preheating zone  surround- 
ing the outlet 4 and the upper portion of the 
extended housing 5 surrounded by the annular 
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jacket ifS. Thêe the solid iiàatêra]s keach a 
temperature betïeen 2,12 degrees F. and 500 de- 
grees F. (100 dégrèes C. and 260 degrees C.) 
taking up tieat ff0ni éYolved gases and from 
5 p.o.c, cirEulàtiiig in the jacket   5. The solids 
then pass downwardly by gravity into the an- 
nular reaction zone 
and the concentric heat exchange device 58. As 
the solid materials Pass downwardly through the 
10 annular reaction zone , reaction is initiated, 
and distillation proceeds to the desired point indi- 
cated by the temperature responsive elements 
9, , ! and 4. The evolved gases and vapors 
are suitably vented through ports 50 of Figure 
15 6, or annular vents .2 of Figure 5, from the an- 
nular reaction zone . into the heat exchange 
zone 4, whereupon they reverse their direction of 
flow and proceed upwardly in countercurrent heat 
exchange relationship to the descending solids in 
20 the annular reaction zone  creating a Venturl 
effect which aids the flow of gases .through ori- 
fices 6. The spent solid materials such as char 
or spent shale continue downwardly to the solids 
discharging device 8 of Figure 4, or optionally 
25 to the valve Sa of Figure 2, or to the water seal 
device 5 (Figure 4) from which they are re- 
moved by the drag conveyor 0a or the screw 
conveyor 5, as the case may be. 
Wlen distilling carbonaceous materials for 
30 recovery of primary tar-oils and gases, the solid 
materials, such as coal, are heated to about 1100 
degrees F. or 600 degrees C., but when distilling 
oil-shale for recovery of maximum off, it is hot 
necessary to heat the shale higher than about 
35 700 degrees F. to 950 degrees F. (370 degrees C. to 
510 degrees C.), as indicated by temperature 
responsive element 4 (Figure 4). Higher tem-, 
peratures than those cited above can be used but 
they wfll decompose more tar and off vapors to 
40 flxed gases approximately in proportion fo the 
change, in absolute temperature. 
The evolved gases and vapors issuing from the 
vent pipe ! are suitably treated in accordance 
with their source or composition to tender them 
45 most suitable for their intended purposes. For 
example, in the case of shale distillation for the 
production of off and fLxed gas, they are con- 
ducted into a fractional condensing device which 
may take the form of a bubble column 55 as shown 
5O in Figure 4. In this column 55, equipped with 
bubble caps 2, the heavier oily substances pro- 
duced are condensed, and the lighter fractions 
are conveyed through the pipe 25 into a con- 
denser 25 for the separation of the more vola- 
55 trie condensible substances. From the condenser 
25, the light fractions are collected in a receiver 
128. In the bubble column 56, suitable vents are 
placed ai spaced positions along the column to 
remove intermediate fractions, and as shown, 
60 these vents may take the form of a plurality of 
valved outlets 2, 2, and 2.% If desired, re- 
flux condensate may be admitted near the upper 
portion of the column at the inlet 24 and steam 
may be admitted near the base of the column 
65 through the inlet 2 to balance the slight addi- 
tional heat as required. Heavy condensate may 
be removed from the condenser 5 at the base 
thereof and collected in the receiver 
70 Process For distillatio in double annulus 
In the operation oï the apparatus provided 
with two superposed annular heat exchange de- 
vices in accordance with a preïerred embodiment 
of tle invention for distillation of non-coking 
75 carbonaceous materials as fllustrated in Figures 
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4 and 8; solid preheated materials, preferably 
size-graded and contain]ng a minimum of fine 
sizes, pass downwardly as previously described 
through the first annular reaction zone 33, and 
are raised in temperature close to that of initial 
thermal decomposilion. When treating non 
coking coals, the temperature of initial decompo- 
sition is. 650 degrees F. fo 750 degrees F. (or 340 
degrees C. to 400 degrees C.) Therefore in 
practical operation, the combustion and preheat- 
ing systems are adjusted to produce a developed 
temperature of about 700 degrees F. as indicated 
by temperature responsive element ! } placed near 
the center of the lower part of the reaction zone 
33. The vertical positioning of throat 34. is de- 
signed to meet these conditions, but for all pr,c- 
tical purposes, throat 34 is located about" two- 
thirds the height of the combustion chamber 
Water vapor or initial products of thermal de- 
composition forming in the reaction zone 
concurrently with the solid material and pass into 
the heat exchange zone 4 through the throat 
34. The solid materials now preheated to about 
700 degrees F. pass downwardly by gravity 
through the annular reaction zone 35 defined: by 
the lower heat exchange device 36 and the elon- 
gated vesset 5. As the solid materials pass dov¢n- 
wardly through this react.ion zone 35, they. in- 
crease in temperature as indicated by tempera- 
ture responsive elements 5 and !4 located about 
in the center of the reaction zone outlined by 
annulus 3 and reaction vessel 55. Low tempera- 
ture distillation of the volatile hydrocarbons from 
coaltakes place between 750 degrees F. and 1200 
degrees F. (400 degrees C. to 650 degrees C.), 
and, when the external combustion, system is 
suitably regulated to produce a temperature of 
about 1200 degrees F. (650 degrees C:) as indi- 
cated by temperature responsive element (!4), 
the maximum yields of primary low tempera- 
ture tars are obtained. On the other hand; if it 
is desired fo obtain more fixed hydrocarboflgases 
at the expense of lower far or oil yields,, the 
combustion chamber 24«is advanced in-tempera- 
ture to the desired point to yield the Mnd: and 
quality of products wanted. As the solid re- 
actants pass downwardly through reaction zone 
35, evolved gases and vapors or reactant gases or 
vapors pass countercurrently o the solids: whereby 
heat is transferred to the upper solid materials. 
Heat transïer by this mechanism may. be: aided 
by introducing carrier gases, recirculated distil« 
lation gases, steam or.other vaporous materlals 
through the lower in]et pipe 3 suitably, posi- 
tioned in the heat transfer zone !aS These car.- 
rier gases pass upwardly through reaction zone 
35, extracting heat from the downcoming solids 
and from the lower wall of reaction vessel . and 
transfer the heat to material higher up in zone 
35. Thus the solid materials discharged from 
vessel 5 have only. a relatively low- temp.eraçure 
in comparison fo the maximum temperature 
tained in the reaction zone. Evolved gases and 
vapors emerging from zone .} leave the.system 
through vent pipe 4!.and are condensed.as, pre- 
viously described. 
Optionally when distilling oil-shale with two 
superposed annular, heat exchange devices in 
accordance with a preferred embodiment of the 
nvention illustrated in Figure 4, the system is 
operated in the saine, manner-as that-previously 
described for non-coking coa!, but the tempera- 
tures inside the lower reaction zone 35.are car- 
ried somewhat lower than when. distillin coal.. 
It has been îound that it is only necessary to. 
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heat oil-bearing shales to about 700 degrees F. to 
950 degrees F. (370 degrees C. to 500 degrees C.) 
in order to extract the optimum quantity of po- 
tential condensable oil. The combustion system 
5 temperature or the rate of movement of the 
shale through the system is adjusted to produce. 
the above temperature conditions inside the re- 
action zone 35 as indicated by the temperature 
responsive element !4. Optionally, greater yields 
lO of xed hydrocarbon gases can be obtained ai 
the expense of lower oil yields by advancing the 
temperature of reaction zone 35 as indicated by 
temperature responsive element !4 or by the 
temperature responsive element ! located in com- 
15 bustion chamber 24. 
As an example of test results obtained, in the 
operation of the double annulus system for dis- 
tillation of oil-bearing shale, the following ex- 
perimental data were obtained during test in a 
20 small pilot plant similar to Figure 4: 
Shale charging rate, pounds per hour ..... 347 
Spent shale discharging rate, pounds per 
hour ................................. 266 
Oil distiled ïrom shale, pounds per bout___ 59.7 
25 Air introduced as carrier gas at in]et 
cu. ft./hr ............................... 300 
Distillation gas recirculated, through 
cu. ït./hr ............................... 723 
Net yield of gas from system, cu. ft./hr .... 505 
30 Heat required for distillation, B. t. u./pound 
of shale ............................... 685 
Potential heat in gas marie, B: t. u./pound 
of shale ............................... 780 
Temperature, bottom oï combustion cham- 
35 ber at point ! ..................... °F__ 1785 
Temperature, middieoï combustion cham- " 
ber at point 2 ...................... °__ 1490 
Temperature, top of combustion chamber at- 
point 3 ............................ °F__ 1180 
40. Temperature of p. o. c. out recuperator 
point 5 ............................ °__ 595 
Temperature vapors leaving retort point 
!- ............................... °F__ 415 
Temperature of shale in reaction zone 
45 point !4: ......................... °F__ 855 
Temperature of spent shale leaving reac- 
tion zone 35 ...................... °F__ 640 
Temperature of shale leaving preheater 
39 ............................... °F__ 130 
5O Temperature o vaPors af thoat 34___°__ 580 
Potentiel heat discarded in spent shale, 
B. t. u.; lb. dry ........................ 1790 
During the above test 26,377 pounds of shale 
were distilled and 4488 pounds of oil was. re- 
55 covered over a test period of about 76 hours. 
Proces /or distillation and gasification in 
multiple annuli 
ïn the operation of the appartus or. system 
(} trovided with a plurality of. annular het ex- 
change devices in accordance with a preferred 
embodiment of the invention for distillation and 
complete, gasification of-solid noncoking car- 
;.» bonceous materials», reference is ruade-to Fig- 
ure 9: Solid mterils,, suitabl:.- dried or- pre- 
heated-as- previously: described .in the:discussion 
referring to..Fig_ure 4 .pass downwardly..itto. re 
action, zone- 3 and into the intermediate, reac 
7 tion zone !5.5;. where-they/tmdergothermLde- 
composition, and.. distillation in: accordnce, with 
the mechanism, previosly described: for: the 
doubte anntùus.hea, exchnge sy.stem. or exr 
ample, products, of. initial decom.osition pass 
75 concurrently with :ethe:solids :in reaction.zone 
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whereas the evolved tars, oils, vapors, and grease 
issuing from the intermediate reaction zone 
pass .countercurrently to descending solids and 
emerge through throat 155 to leave the system 
through duct 4 . This circuit is arbitrarily called 5 
the rich-gas circuit, and it confines off vapors 
and relatively high heating value gases. Carrier 
gases generated in the lower reaction zone 
enter the reaction distillation zone 55 and move 
countercurrent to descending solids and ma- 10 
terially improve heat transfer to solids above. 
Solid materials, free of volatile condensible hy- 
drocarbons, but containing some gaseous volatile 
marrer, enter the lower reaction zone 35 where 
they undergo decomposition by reaction with 15 
steam or other reactant gases such as CO2 aided 
by heat extracted from the lower part of re- 
action vessel 56 and by any heat impressed in the 
reacting vapors or gases by passage through a 
preheater 6 ! hot shown in Figure 9 but described 20 
in relation to discussion of Figure 12. io solid 
reactants moving downwardly countercurrent 
to ascending gaseous reactants in reaction zone 
35 reach thermo-chemical equilibrium, and gas 
formation is maintained at balanced reaction i5 
rates governed by the rate of heat transfer 
through the vessel 56 and the preheater 6! (Fig- 
ure 12). The water gas reactions occurring in this 
section are endothermic, and their equflibrium 
can be adjusted by regulation of both steam con- 30 
centration and temperature. It has been round 
that by regulating combustion chamber tem- 
peratures indicated by temperature responsive 
element ! within the range 1800 degrees F. and 
150 degrees F., and by adjustment of steam in- 35 
put to the system within the range 0.2 to 3.5 
pounds per pound of solid material entering the 
reaction zone, that water gases having composi- 
tions expressed by H2/CO ratio ranging from 1.5 
fo 12.0 can be produced. Optionally, by intro- 40 
duction of regulated quantities of CO2 introduced 
and preheated with the steam product gases 
formed in reaction zone 35 can be controlled to 
have H2/CO ratios ranging clown to less than 
1.0. Gases formed in the above described proc- 45 
ess pass in countercurent heat transfer relation- 
ship with the describing solids in reaction zone 
35 and emerge through throat 34 into the inter- 
mediate heat exchange zone 59. This circuit 
constitutes the lean gas Circuit, and products 50 
leave the system through vent pipe 57. Option- 
ally part of the gases formed in reaction zone 
are drawn through the intermediate reaction 
zone ! 55, where they serve as carrier gases in the 
rich gas circuit as previously described in con- 55 
nection with the double reaction zone system. 
Solid refuse or materials containing fixed carbon 
and ash move downward and out of the reaction 
zone 35 and are discharged iom the reaction 
vessel 56 as illustrated in connection with Fig--60 
ure 12. The revolving scraper discharge 
moves the solid carbonaceous residue into duct 
57, where it is picked up by discharge screw con- 
veyor 5{} in which cooling is accomplished by 
water or steam introduced through ports 70. 65 
The residue is transferred to reaction vesse1 
where further and complete gasification 
tained by the well known producer gas reaction 
attained either in the static or fiuidized bed. 
Essentially carbon-free refuse is discarded iom i0 
ieaction vessel 59. The cooling agent introduced 
into discharge conveyor 5. serves to prevent ad- 
mixture of gases or vapors introduced into zone 
35 with producer gases marie in reaction vessel 
5. Gases issuing from reaction vessel 

through duct 7, through dust catcher 72» and 
thence into gas receiving bustle Pipe ! fronl 
which they are distributed to the furriac heat- 
ing the reaction vessel 56. Thus distfllàtiori and 
complete gasification of solid materialS i at- 
tained, and incoming natural fuels are converted 
or upgraded at high efficiency into the following 
classified products: () low temperature tar off; 
(b) rich gas having a heating value greater than 
325 B. t. u. per cubic foot; (c) lean water gas hav- 
ing a heating value less than 325 B. t. u. per cubic 
foot suitable for production of synthetic liquid 
fuels or for other purposes. The quality of the 
lean gas can be varied and controlled such that 
its major constituents H and CO can be varied to 
suit conditions of ,use. 
Process ]or complexe gasificaion in double 
annulus 
In the operation of the apparatus or system 
provided with two superposed armuiar heat ex- 
change devices or reaction zones in accordance 
with a preferred embodiment of the invention 
for complete gasification of non-coking car- 
bonaceous materials reference is ruade to Figures 
1, 2 and 3. Solid preheated reactive materials, 
preferably size-graded and containing a min- 
imum of fine sizes, pass downwardly with gaseous 
reactants such as steam or CO introduced into 
the system at inlet 35 as previously described by 
the vessel 56 and the aligned heat exchange 
vice 55. As the solid materials and reactants pass 
downwardly through the annular zone 33, reac- 
tion is initiated, and the evolved gases or vapors 
and reactants pass concurrently with the de- 
scending solids. The temperature of gases, vapors, 
and solids in the annular reaction zone 33 in- 
creases as the solids advance down the annuius 
as indicated by temperature responsive elements 
l, 0 and 9, so placed that the thermocouple 
junctions are about midway between the inner 
top cylindrical annulus 55 and the wall of the 
reaction vessel 56. The temperature in the an- 
nular reaction zone 33 is controlled to lie within 
the range of 1200 degrees F. and 2000 degrees F. 
(650 degrees C. and 1100 degrees C.) at the point 
indicated by the temperature responsive element 
9. The mechanism of distillation, decomposition, 
and gasification occurring in the annular reac- 
tion zone 33 has been observed to be as follows. 
Primary or low temperature distillation occurs in 
the. upper part of the annulus in the temperature 
range 750 degrees F. to 1100 degrees F.. (400 de- 
grees C. to 600 degrees C.), in which water, CO2 
condensable oils, and high molecular-weight hy- 
drocarbon gases are the principal volatile prod- 
ucts. As the temperature advances between 1000 
degrees F. to 1300 degrees F. (540 degrees C. to 
700 degrees C.) secondary decomposition of hy- 
drocarbons occurs to form lighter weight hydro- 
carbon molecules, and reactions between steam 
CO,, hydrocarbons, and solid carbon are initiated, 
in which hydrogen is a principal product. Resid- 
ual volatile marrer in the form of H2 also is elim- 
inated from the solidresidue in the temperature 
range 1000 degrees F. to 1300 degrees F. (540 de- 
grees C. to 700 degrees C.). As this complex 
mixture of reactants increases in temperature 
from 1200 degrees F. to 2000 degrees F. (650 de- 
grees C. to 1100 degrees C.), hydrocarbons are de- 
composed and reduced to their elemental state, 
and they contribute their share by partial pres- 
sure to the equilibrium attained by reactions pro- 
ceeding steam, CO,, CO and carbon to make up 
the well known water gas equilibrium. The coin- 
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position of .thé product gaSes, leavi.ng thé ainular 
réaction zone 33 through throat 34 depends Upon 
he température and thé concentration of prin- 
cipal reactants.. Réactive Solid materials and cat- 
alysts, Such as iron oxide promote attainment oï 
equilibrium at lower temperatures. t..has been 
0bserved that by regulating th.e quality of gaeous 
reactants, steam or CO introduced .at inlet 38, in 
thé range from 0.2 to 2.0 poùnds per pound of 
solids, and thé température, as indicaed .by tem- 
pérature responsive e!ement. 9, fo range between 
1200 degrees F. to 2000 dëgrees F. (650 degrees C. 
to 1100 degrees C-, pr°duc gases c0nsist!ng of 
H, CO, CO, CHand traces of N can bé pr0duced 
such that their principal consituénts .H2 and co, 
will bé in ratio ranging fr0m 1.0 to 12.0. As thé 
température of thé réaction vessel 56 is increased, 
thé H/CO ratio decréases, and optionally, thé 
H/CO ratio increases as thé. concentration of 
steam is increased. Thus product gases having 
H/CO ratio ranging from 1.0 to 3.0 suitable for 
production of synthetic liquid fuels, are produced 
af thé higher temperaturé levels by thé procesS 
outlined herein. 
In thé double annuler heat exchange sYstem, 
solid carbonaceous materîàlS hot entering into re- 
action in thé réaction zone 3. descend by gravity 
into thé lower reacti0n Zone 3, ,wlere they Con- 
tact gaseous and vapor reactants moving Counter- 
currently fo thé solids. Th¢ lower.Portion of thé 
upper heat exchange device 58 (Figure 3) is made 
te extend Sufficietly far clown.thé elongated res- 
sel 56 se that, in general, the:gaseous or vaporous 
products of reaction are rem0ved.from .thé an- 
nular réaction zone 33 near thé zone of optimum 
température. Thé gaseous or vgP0rOUS reaCtants, 
suitably are oxygenated gas frein thé group of 
steam, air, oxygen and carbon dioxi.de, are intro- 
duced through inlet 3] into heat exchange zone 
35 and thence into,reaction zone 35. They may 
pass through suitable preheaters 29 or 6 .(Fig- 
ure 12) located outside thé reaction zone. Mov- 
ing in countercurrent heat exchange relationship 
with descending solids, thé gaseeus reactants in 
zone ,5 cool thé outgoing solids and transfer heat 
back into the réaction zone where Water gas re- 
actions proceed af rates and under thé equilibrium 
dlctated by température of thé réaction zone and 
concentration of the principal reactants..I has 
been round thgt,, by controlling the maximum 
temperature as indicated bY temperatare respon- 
sive elemen 4 between the range 1200 degrees 
F. te 2000 dgrees F. (50 degrees C. te 1100 degrees 
C.) and the amount of Steam or Othe]: oxygenated 
gas introduced through inlet 3] te range within 
0.2 te 0.3 pound per pound of solids,.product gases 
consisting principally of H, C, and CO leaviig 
the reaction zone 35 can be centrolled such that 
the major constituents, H and ce, will be in ratio 
ranging frein 1.0 te 12.0. Solid carbonaceous 
materials containing a relatively high percentage 
of ash are discharged frein the reaction vessel 
8 as previously described in connection with the 
discussion relaing te Figures 9 and 12. 
Thus, in this combined process of complete 
gasification of solid non-caking carbunáceous 
materials, naturaI or pretreated solid materials 
are upgraded and converted te water gases of 
contro]led composition in a highly efficient man- 
ner. In order te balance the "system" for com- 
plete gasification of any no-coking coal, a pro- 
cedure has been developed whereby theeight rç- 
lationship of reactants and heat, required for the 
reaction are calculated frein .the analysis of the 
coal te fit. the desired end pïolucs, ion-ceking 

Ceht :on thé moisturë and ash:free basis or those 
haing ydrogën/kygn ai-0s less than 0.6 
on th.Otre nd ah-re bas fi'e suRable 
5 fç .C0mplet scAtion in thi pr0c'ess. In 
thé. ale of coal rank ç5ese include lignite Up te 
nohcoMng, .nbn-agglomerating bitunous coal. 
In uher ëXplanatioh 0  thé manner of apply- 
ing. thé invention 0r "system" for gasification o 
10 c0al o make "synth gas" thé ellowng ex- 
ample ,a,,c«se fç. ashfre steam-dried ligote 
is cited as an équation: 
5. C2.ï9 H.926 O.04 N.01 S7.O HO336,000 b. t. u.A 
15 Sea-drïed lignit Steam Heaç 
7.21 .H3.61 C OT1,13 C 02.52 H20.31C.04 N.01 S 
sybes'is Steám efe 
In thé foréoing eample thé figures repreent 
20 6und molé per 100 pounds of ash-free seam 
dried hgnite, except thé B. t. u. figure, which 
represefi thé heat that must pass through thé 
wal of thé 2eacion vessel  te carry out thé re 
action when products leave the system ai 1000 
25 dëgrees F, 
  further example of thé opération of he 
pfoces of complété gasification of subbiufnous 
coal in. thé double aulus system illustraèd in 
Figure 3, thé following operating datafrein a st 
30 in a pilot plant are cited: 
MoistuYe  C0I as charged, percent .... 
h in 6oal gs chafged, 'perCent " 
35 ReuSb Out b0ttom oî retort, p0unds r 
heur ..... 
Ash COntent of rúe, percent .......... 310 
Tar _0r off formed ...................... : 
Gasmade, cubic fee per heur SGC ...... 205 
40 Analysis of gas mde: 
Cabon dîode, perCet 9 
lUminan, .percent ................ 
Cgrbon monoxide, percenç .......... 17.2 
Hydrogen, percent ................. 61.4 
45 Methe, percent .................. 2.7 
. _ Niiogen, percent _ .................. '0.5 
IEehting Yalè of gas, . t. u. er Cubic f0t, 
observed " " 284 
.Spëcific graviy ö àS .................... 504 
50 Ste use in zone , p0unds per hor __ [52.0 
SteSmused  zone ]5, ounds per hófir __ 500 
Stèam:not ec0mpoed, onnds per hóur,_ 576 
Net heat used .in cmbusion chamber 2, 
. . B, t. u. per heur .................. 325000 
55 Pi'dùCts ofcobusti0n reCirculted, cu. 
t..er our 5,5S0 
Tempëztáre of bttom òf combustion 
Température f middle Of CombuStion 
60 cham5er ai2 ..................... F__ 
Temperàre of p of cbm5ustion cham- 
ber at .......................... F__ 
Température leavg Cdbustién chamber 
65 Temèï'atfire of p. o. c. leaving recuperaor 
ai  ............................. F__ 755 
emPerature of r and p. o. c. returned te 
 .recuPerator ai __= ............... F__ 385 
Température of air and p. o. c. leaving re- 
70. cuperator ai ___ ................ F__ 
Température of products leaving ret0rt 
ai 2 2 ........................... F__ 770 
Theabove dta'répres;ent aveage of24Lhour 
7 'bëration dhMng'a est ïdsting :about:loo hours. 
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Process Ior distiaion oI o slzae 
This invention is aise applicable te the distilla- 
tion of oiI-bearing shales comminuted te a suit- 
able particle, for example as illustrated in Figure 
4, the ofl-bearing shales .are passed through the 
annu]ar reaction zone and are there suitably 
heated te a temperature between about 600 de- 
grees F. te 950 degrees F. (325 degrees C. te 500 
degrees C.) in which range substantialiy the 
whole of the off content is Iiberated. Somewhat 
higher temperatures can be used, but under those 
conditions a much Iarger proportion of the hy- 
drocarbon content of the shale is converted into 
fixed hydrocarbon gases. A desirable feature 
of this invention in connection with the distilla- 
tion of oiI-bearing shales is that a portion of the 
fixed gases, ranging up te several rimes the fixed 
gas formed, can be recirculated te provide a car- 
rier gas. OptionalIy, steam can be admitted te 
the reaction annulus near its power portion te 
yield water gas ïrom the residual carbon in the 
sha!e. Alternatively, a suitable quantity of car- 
bon dioxide or oxygen plus steam can be admitted 
te yield a higher carbon monoxide and hydro- 
gon content in the fixed gases resulting frein 
shale distilIation for use as synthesis gas. 
Optionally by extending the length of reaction 
vesseI 6 as indicated in Figure 13, a reaction 
zone 172 is provided wherein the above modifi- 
cation can be adapted. 
A preferred process for distilIation and gasifi- 
cation of oiI-bearing shales combines the process 
and equipment just described for distillation of 
carbonaceous materials in the double annulus 
system ilIustrated in Figure 4 with the improved 
process hereinafter described for gasification of 
residual carbon in spent shale illustrated in Fig- 
ure 13. Heretofore in less efficient processes for 
recovery of off frein oiI-bearing shale, much po- 
tential heat is lest by discarding fuel values in 
thespent shale or by wasteful use of gases de- 
rived from the shale. By the process described 
herewith, in conJunction with the double annulus 
process of distillation previously described, a 
large portion of high heat value fixed gases can 
be produced frein average shale for purposes 
other than process requirements. Spent shale, 
frein which off vaporæ bave been removed as pre- 
viously described, and containing 2.0 te 26 per- 
cent by weight of fixed carbon plus volatile com- 
bustible constituents, can be further processed 
te recover additionaI fuel values by the device 
indicated in Figure 13. The heated residue frein 
reaction zone 3 feeds by gravity into reaction 
zone 172 defined by an extension of reaction ves- 
sel 6. Air, steam, oxygen or carbon dioxide, or 
combinations of these gases, is introduced into 
inlet 199 and carried into the central portion of 
the reaction zone by duct 173. These gaseous 
reactants enter the reaction zone 172 through 
ports 174 and conical baflles 7, as indicated in 
Figure '13a. Combination of the oxygenated mix- 
ture with fixed carbon or residual volatile matter 
occurs, and the Iean spent shale is gasified by the 
walI known producer-gas type reactions. Com- 
bustible gases are generated ai high temperature, 
and these ascend as carrier gases entering reac- 
tion zone 3, where they contribute both their 
sensible heat and potential heat te the process. 
By virtue of the central draft inlet, high tem- 
peratures are confined te the inner portion of 
reaction zone 17, and little heat is lest by radia- 
tion, although insu]arien layer 76. guards against 

further losses. Spent shale, new robbed of a sub- 
stantial part of its potential heat, moves down- 
ward and is rem0ved at the base of the reaction 
zone 172 by a suitable extraction device which 
5 may take the form of a sloping worm screw 
equipped with quenching ports 7{} which substan- 
tialIy seuls the system and prevents loss of fixed 
gases frein the reaction zones. 
t0 Oher rocesses empoyng ke annuar 
report principle 
While the method and apparatus of this in- 
vention as previously particularly described re- 
ts Iates to the gasification and distillation of sub- 
bituminous coal or lignite and the recovery of off 
from oil-bearing shale, nevertheless, the saine 
reaction conditions and equipment can be utilized 
in the destructive distillation of any non-caking 
2O carbonaceous material such as for example non- 
coking or non-caking subbituminous or bitumi- 
nous coals. The method and apparatus of this 
invention as generally applicable fo the gasifica- 
tion of Iower tank fuels where the Iuels employed 
25 as ïeed materials contain more than 10 percent 
by weight oxygen on a moisture and ashæfree 
basis. 
Process ]or making carburettecl water gas 
30 continuously 
The process and apparatus of this invention 
can readily be adapted to the production of car- 
buretted water gas continuously Irom non-caking 
Iower tank coals as above defined by suitably 
35 modifying the central reaction annulus as shown 
in detaiI in Figure 10 of the drawings, wherein 
a iuitable means for introducing gas off near the 
zone of optimum reaction temperature is shown. 
As shown, an off feed pipe 2{}1 depends into or 
40 is positioned in the interior of the upper heat 
exchange zone l] and is provided with a nozzle 
la7 for spraying gas off upon the incandescent 
bed of heated carbonaceous material situated be- 
tween the Iower edge of the upper heat exchange 
45 device  and the upper dome  of the lower 
heating exchange device . Additionally, a pro- 
portion of gas off is introduced in the upper por- 
tion of the annular reaction zone 3 by means 
of suitab!e feed pipes I. By this means, the 
5O gas off fed fo the initial lignite or other non- 
caking carbonaceous material being treated is 
first vaporized in the annular reaction zone a 
and is progressively heated to cracking tempera- 
tures as it-approaches the zone of optimum rem- 
55 perature and is thus cracked into a fixed gas oï 
high caloric content. Thii is supplemented by 
the gas produced when the off spray from the 
nozzle 17 is Iikewise cracked on the incandescen 
fuel bed into a fixed gas. 
6O 
Direct reduction o] iron ore 
 For the continuous reduction of granular iron 
ores utilizing the annular reduction zone prin- 
65 ciple, lignite is suitably gasifiid as previously 
described in an externally heated annular re- 
action zone  and, as shown in Figure 11, passes 
into an inner annular reaction zone at the point 
of optimum temperature through the ports  
7O shown on an enlarged scale in Figure 1la. The 
ports may take the form of elongated slots 7 
as shown in Figure 11. Te provide an inner re« 
action zone, through which iron ore te be re- 
duced is passed, an elongated concentric member 
75 2{}2 is suitably positioned longitudinally inside 
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the annuler rèactiorï zone  sPaced apar from the 
normal inner annular to forma duel r  
fonction spce. Into the er nn, ron ore 
te be reduced  crged by  stble nlet mê 
, psses downwrdly throuh the nn 
reaction zone cotercrently ó ' gses evolved 
n the outer nn s te be explned, nd- s 
passed out of the nnulus t the bottez of t 
pprtus. SrooEng the nn S n whch 
the ron ore s reducèd 
ction zone S in wich N@ s concrently 
gasied by the process pzevioly expled and 
ner the zone Or optm:temperure, te gs- 
0ed Hgnîte g?es up ts xed gses wc pss 
directly hroh throa $ into conác with. iron- 
ore te be reduced. Througlï the steam inlet 
communicating With the ower` portion of the 
outer ann $'$, stéàm maY be amitted te 
complote the gasiflcation- o the l.gnie and the 
evolved, gas thon pass upwary fougb the 20 
oufér ann 3,, a5stractig heat frein the. ze- 
duced iron oe, and thence pass toh te 
ports 3 te reduce trie ifon. e char or refase 
resulting frein the gasificati0n of the lignite in 
fs modification of ts VenGon .staby s-- 25 
charged by the device shown in Fige 12. A 
particular advantage in carrg out the reduc- 
tion of iron ore in accordance th this-feate 
of ts invention is: that. the iron ore being re- 
duced is  heat exchange relation with the 0 
lignite orother carbonaceo matezialbeing em- 
ployed-  generate the reduction gases,, and the 
whole retort may be.staly azranged-in a eat- 
ing device as previoly csed. If. desed,. 
ïurther quantities, of water gas or other rëduclng: 35- 
gas may be intrOduced into- the iner 
into contàct with highly heated;, partia]lyre-- 
ducediron ore by mea- et the-gs 4nlèt  . 
However, iron ore' may e dectly reduced in 
admixture with lignite or othe solid noncoMng 
carbonaceous materil employing the apparat 
nd process previoly dclosed for the con- 
tinuo complote gasification 0f sUbtino 
coal or gnite. In- this moded procCs a high 
heating value gs of morethan 300 B. 
cubic foot, and  one havig a H/CO räti6 
about. 1.0 is obtained sultnously with métal- 
lic iron. T1]e iron. oxide serres  as a ca.falst for: 
the reduction While fnisng xygen fo 
CO with liite. Sponge or metallic iron iS. sep-" 50 
.arated from the charged solids bY magnetic 
means. 
As an example of. teoperation:e of thepr0cess- 
for rect reduction of iron ore t 
taneous production of gh heti.ng value - oxy-. 55 
genated water gas fYo aixed raw. lignite, 
the following experental dat otaied: frCm 
a test in a pilot plant of the saine, degn.as 
shown in Fige 3, are cited:  
In this test, oxidized maetic iron ore, bri- 60 
quetted into ali pellets, wag. iéd with raw 
lignite in ratio of 1:1 and charged into the upper 
reaction zone 3 wherein the mixte-was het- 
ed progressivelY fo aOout i800  F] before-pssing  
into the lower reactîon zone  wherein it was  65 
ïurther heated  bout e the saine temçerate 
rnge whilë in contact With WStèr ggs geefte- 
in the reaction zoneOF rea.cttSpasg: c0U 
tercurrent te the desceng sgli. ereduced 
mixture consisting of metàlc ironand'B hig 70 
ash lignite dust Was dchared at-te" otto- 
while lgh heating value gs fOrdtF regctio 
between ligote, steamand xySenfrbmthe:ifbn  
ore, within reuction" Zoaes- 3:ad" . wàs:remçd: 
ïrom the system thro hef excgge zone 
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and ourlet 4L The foll0ig operatifig datà 
were recorded: 
iate of ïeed Of lignite, p0uficls dèf lï0tïr 
b-out 
Rate of feed of iror/orê, ib0ùiJdg ïoe 
s:b0Ut ................................ ._ 25 
R-te of stdm input td uppë edeti0n Z0ne__ o 
láte of steam inlJu t0 lowë rectioiï Zone, 
Ibs./lf ................ .__- ............. 15 
GC mgdë, eubio feet pêf hbur ............. . 
Analysis of gas: 
Crb0n dioxide; percent __:_ ........ . 1.4 
Csrbon- monoxidè, percent: : ....  0.9 
Idrogèn, percent ...... _ ..... _-__ 55.6 
Methane, percent .......... « ...... -_ 2. 
Specific gravity ..... _____-._ .480 
Heing vlùe, B. t. u. per cubic foot ___ 327 
Temperature, bottòm of combUstofi 
bér, point  o 
....................... F__ 1895 
Temperture, middle of combusfion cham- 
ber, pont 2 o 
....................... __ 1855 
Temperature, top of combustion chamber, 
poin  o 
« ........................... F__ 169,0 
Temperature, outlet 0f furnace, 
point 4 o 
........................... F__ 1410 
Temperature, o.ut of recupertor 
point 
. - .......................... F__ 845 
Temperature gases leaving 
point !2 .......................... °F__ 515 
%emperature, solids leaving bottera oY e- 
t«t. _ ............................. o__ 500 
The-.sponge or metàllic: iron ielded-vas te"st 
ed- and-.found te 
duced, metatlîo iron. 
Pocdss- 
ag: Othé" drus  
The heat exchanging: annular reaetion zone. 
pAnCïple cgn. also De. applie@ to.reactions- requir-- 
ing. sub-atmospheric or- super-atmospheric pres- 
sures,, and the- usua], range of. pressures.- is limited, 
onl-y bF the strength of avaflable consttïction 
materials. B) the proqsion:.of suitabl pressure-" 
equalizing inlet..and outlëtdevice;-as.particular-. 
1:. shown in- ligure 15 o. the drawings, this in- 
vention can readil, be. adapted tó-a.wide varietY 
dr gï-sèlid reactions sudh- 
zinc oreg, the recovery of mercury from-cinrïabar 
arid the.like, and.particularty tothe cònti.nuous 
p{dïzctïdn Of- magnesium from. sùiabie mag 
nëiïim 0re and a. suitable reducing agent for. 
emplo,, the redflción, ofmagnesïte- or- dolomite" 
WiflJ fèiTesilieofi., leferring, te tie drawings-,an.- 
annular.retîori dë#ïce as previousl, described-is. 
prvided  ïVith g shitaole pressflre equalizing in-. 
le dêïdcë Whicti ïha tkle the fdm of Clòsed: 
hopper3{/; as stior/iri FC-fie. 15:..provided. 
a gs seïlirïg heïïoerin!ët Vlce 8 and- a reac- 
tion- tube- in]ët /al/e: ]9" loaéd bêgwèen tle 
hoppér 3{}'anff ttie: 15rê-heat'-zone 8:of tïe: reac- 
giên tùbe' or houîng :. Tig iïilët pressurg 
èqUàliîng deicë pï,bVîds à ëans for passing 
sfflid- materi«ls  fr-o-atnïbsïoherïc, pressure, 
through tlë-r/0pDer inlët"vtlvë 8iïït0 the inlét, 
hoppr 30. tftêr a sfiitáblèb-at5h hd adcumu-. 
lated-in-the livret" I/oppër 
i closed; 
is slbwly  opened so" tlàt tl/e Pessur in- the 
h0pper @andin the pretetir/g*z0he:{} is eqïïdi= 
i#,êd:and- the"solid fèëd ttieff P9oeêéd b. grvitg: 
into., tié"-housing 
" Ttïe interiór spàcòf hë anriU]a réïcion zone- 
issRitdbly: módifiedto p0vid'à suit51ê dé¢ice 
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capable of exhausting gaseous products and hav- 
ing the additional function of heating or cooling 
vaporous .products of reaction. As shown, a 
suitable device comprises an axially positioned 
vertical tubular member 86 provided with ver- 
tically spaced horizontal condensing fins 85 and 
havin an inner concentrically placed exhaust- 
ing pipe 83 for removing gaseous products or 
carrier gases. The exhausting pipe 83 may be 
provided with a suitable control valve 63, which 
is preferably placed outside the elongated hous- 
ing 68 for ready access. The condensing tube 
may also be provided with means for "heating or 
cooling the saine, and as shown, such means may 
take the form of a cooling medium inlet pipe 
axially placed within the condensing tube 
and extending to the lower portion thereof, and 
a cooling medium ourlet 62 located near the upper 
portion of the condenser tube 88 and connecting 
therewith. A control valve 94 optionally may be 
provided to control the pressure existing in the 
condensing tube 86. Preferably, the condenser 
fins 86 are enclosed in a vertically positioned 
nular insulating baflle of suitable material to in- 
sulate the condensing zone defined by the con- 
densing tube 86 and fins 86 from the heat of the 
annular reaction zone 33. 
At the lower end of the elongated vessel 68 is 
a pressure-equalizing discharge device for re- 
moving spent solid materials passing through the 
apparatus. Such a discharge device may take 
the form of a receiver 93 provided with a dis- 
charge valve and an ourlet valve 94. The re- 
ceiver 93 may also be provided with a pressure 
equalizing valve  
mosphere for gradually bringing the pressure 
in the receiver 93 to atmosphere. The solids dis- 
charge device may be operated by closing valves 
94 and 3 and opening valve 92 to fill the re- 
ceiver 93 with solids at the saine pressure as 
exists in the reaction zone 33. Thereupon the 
valve 92 is closed and the pressure equalizing 
valve  3 is gradually opened to bring the con- 
tents of the receiver 93 to atmospheric pressure. 
The discharge valve 94 may then be opened and 
the spent solids discharged at atmospheric pres- 
sure from the receiver 93. 
Suitable means are provided for continuously 
discharging liquid condensate, such as metallic 
liquid magnesium, mercury, zinc, and the like, 
from the condensing zone 89 in the vessel 56. As 
shown, suitable condensate discharging means 
may take the form of a horizontal offtake pipe 
9@ suitably closed atone end by a cap @4, and 
communicating with a sMmming pot 99 through 
a pressure equalizing lock system 96. The en- 
tire skimming pot 98 and lock system 96 is suit- 
ably supported in a refractory setting 3 heat- 
ed by an auxiliary burner 9 in the lower por- 
tion thereof. The pressure equalizing lock sys- 
rem 98 comprises a plug valve 96, suitably posi- 
tioned in the offtake pipe 9, and actuated by 
remote means such as a hand-cntrolled cam 99. 
By opening the plug valve 96 the liquidmag - 
nesium or other molten condensate proceeds 
from the condensing zone through the pipe 
and valve 95 into the lock system 99. The molten 
magnesium is retained in the lock system 98 by 
a suitable valve 9 in the lower portion thereof 
communicating with the skimming pot 98. A 
pressure equalizing valve  is provided on the 
top of the lock 98. As previously stated, the en- 
tire lock system and skimming pot are enveloped 
in combustion gases produced in the auxiliary 
burner  @9. Optionall 
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is positioned in the combustion chamber @@ to 
cause the combustion gases to follow a circuitous 
route around the skimming pot 98 and the lock 
chamber 98, whereby local overheating is in- 
5 hibited. The combustion gases escape through a 
vent @6 on the upper portion of the combustion 
chamber @. Desirably, the skimming pot and 
the lock chamber are supported by suitable resil- 
lent means permitting relative movement to com- 
10 pensate for expansion of the metallic parts of 
the device. Such supporting means may take 
the form of a supporting beam @2 which carries 
the mechanism and which is in turn supported 
by springs 103. In operating the lock chamber 
15 and sMmmin.g pot, liquid condensate proceeds 
from the condensing zone 99 in the elongated ves- 
sel 68 through the offtake pipe 90 and the valve 
95 into the lock chamber 96, where it is retained 
by the lower valve 97. Thereupon, the valve 
20 is closed, and the pressure equalizing valve 
is gradually opened bringing the contents of the 
lock chamber 96 to atmospheric pressure. The 
valve 97 may then be opened fo fill the pot 
with molten liquid condensate,, such as molten 
25 magnesium. Desirably, further purifying opera- 
tions, such as fiuxing and the like, may be .carried 
out in the pot 98. 
In carrying out the reduction of a uitable 
magnesium ore in accordance with this inven 
30 tion, the magnesium ore is comminuted t0 a 
relatively fine particle size and admixed with 
a suitable quantity of finely divided ferro-silicon. 
The resulting mixture is formed into balls or 
briquets having, for example, a size of one-half 
35 to three-quarters of an inch in diameter, and 
the briquetted mixture is then introduced into 
the inlet hopper 3 through the.valve . The 
heat exchanging and condensing zone interior 
of the e!ongated vessel 58 is then exhausted or 
40 evacuated to a suitable pressure, say 1 mm. 
absolute, through the valve 163 by means hot 
shown. The elongated vessel 56 is then heated 
to a suitable temperature of about 2100 ° F. by 
means of the heating system previously de- 
45 scribed in connection with other applications of 
this apparatus. The valves II I, 95, 92, and 
are closed, and the valve T9 is opened, to adroit 
the charge into the preheating zone.80 and the 
annular reaction zone 83. As the reaction mix- 
50 ture proceeds downwardly through the annular 
reaction zone 33 by gravity, it is brought to a 
suitable temperature at which magnesium ores 
are reduced by ferrosilicon, and the liberaed 
magnesium vapors pass concurrently through 
55 the annular reaction zone 33 and emerging int0 
the heat exchange zone through the apertures 
3, pass upwardlF over the baffe 9 and thence 
downwardly into the condensing zone 6. The 
solid materials continue to fall downwardly by 
60 gravity into the lower reaction annulus 36 form- 
ing a continuatiori of the upper reaction an- 
nulus 3, where reduction of the solid rnaterial 
is completed, and the liberated vapors pass 
wardly in countercurrent relation fo the descend- 
65 ing solids. _l"he spent ore is collected in the 
cooling zone 9 located in the lower portion of 
the elongated vessel 56 and is discharged through 
the solids discharge device previously described. 
The manesium or other evolved vapors pass 
70 fl]to the condensing zone 9 where they are 
condensed on the condensing pipe 35 and the 
condensing fins. The condensing pipe 86 and 
ssociated fins are rnaintained at a temperaure 
below the ternperature at which the vapor is 
75 condensed but above the temperature af which 
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the condensate solidifies. A suitable temper- 
ature for magnesium is in the range of 800 ° to 
650 ° C. ai 1 mm. Hg presstu'e. The temperature 
within the condensing tube is preferablF reg- 
ulated by circuiating in the interior of the con- 
densing" tube $ a suitable inert gas which may 
be admitted through the valve 8! and removed 
through the valve 82. Non-condeusible vapor 
or gases are removed through the ourlet tube 
83 and the exhausting valve f53. The molten 
magnesiurn or other condensate falls by gravity 
from the condenser SG and the fins through the 
condensing zone 89 and passes into the lock 
chamber 98 through the oiI-take pipe 90 and the 
valve 95. Upon accumulation of a suitable body 
of condensate in the lock chamber 8, the valve 
9§ is closed, and the charge is brought to at- 
mospheric pressure by admitting a suitable inert 
gas through the valve f07, and the lock cham- 
ber 96 is thon discharged through the ourlet 
valve 97 into the pot 98. A suitable protective 
slag or flux is maintained on the surface of 
the molten moral or other condensate collected 
in the pot 98, fo prevent oxidation of the con- 
tents thereof. The pot 98 and the lock chamber 
96 are maintained at a temperature above the 
solidification point of the condensate but below 
the vaporization temperature thereof by means 
of the burner 109 and associated refractory set- 
ring ! 08. 
In order to reinforce the elongated vessel 56 
to enable it fo withstand the extremely low 
vacuurn employed in the reduction of magneium 
ores, suitable stays 0 rnay be provided to 
strengthen the vessel ai its weaker or more 
highly heated points and, as shown, they may 
be placed horizontally to connect the baiïle 
with the previously described hea.t exchange 
device and the vessel 
Optionally, in the reduction of magnesium 
ores employing the method and means of this 
irvention, the inside of the vessel may be flooded 
with a suitable inert gas, for example, hydrogen, 
helium, argon, or other gas substantially inert 
to the magnesium or other moral being produced. 
This may be accomplished by introducing such 
an inert gas through a suitable valve  lo- 
cated in the upper portion of the vessel 5 as 
shown, and the inert gas may be withdrawn 
through exhausting valve 53. By this rneans, 
the partial pressure of the magnesium vapors or 
other reactive vapor in the interior of the ap- 
paratus may be lowered to such an extent as to 
approximate the usual partial pressure under 
high vacuum conditions. 
It will be apparent from the foregoing de- 
scription, there has been provided a method 
and means for carrying out reactions in a novel 
and desirable manner. A very excellent heat 
economy is secured by this invention. Heat 
transfer between an exterior source of heat, and 
a solid reactant is ver;/ greatly superior in my 
invention fo an;/ previously known device for 
accomplishing this purpose. Furthermore, the 
device is eminently suited to construction 
terials capable of withstanding the relatively 
high temperature often encountered in the 
endothermic reactions described, thus permit- 
ting a very long equipment lire. For example, 
the reaction vessel and the heat interchange 
elements may be made of corrosion-resistant 
chromo-nickel steels, alone or provided with a 
protective coating of chromium, or the like. As 
the apparatus is susceptible of construction in 
generally circular or cylindrical shapes, the usual 
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expansion problems normally encountered are 
largely or completely obviated. 
This application is a division of my applica- 
tion, Serial No. 589450, filed April 20, 1945» now 
5 Patent Number 2,572051, issued October 23, 
1951, and pertains to the construction of the 
reactor per se. 
For simplicity and clarity in the following 
claires the element exemplified at 56, Fig. 1 is 
10 termed a vertical outer tube; that exemplified 
ai 6 a vertical lower inner tube and that ex- 
emplified at 58 a vertical upper inner tube, while 
the element exemplified at |38 in Fig. 9, con- 
stituting an intermediate inner tube therein, is 
15 a lower inner tube with respect to the tube 5 
therein and an upper inner tube with respect 
to the tube 36; and in the form of the in- 
vention to which the present divisional appli- 
cation pertains the lower inner tube is closed 
20 from communication with the upper inner tube 
ai its top, such closure being effected by wall 
f34 in Fig. 1, and like figures, by the top wall 
and heat exchanger 40 in Fig. 7, and by the 
annular top wall of the lower heat exchanger 
25  in Fig. 15, for example. 
Since many apparentiy widely differing em- 
bodiments of the invention will occur fo one 
skilled in the art, various changes may be made 
in the method and meaus described and shown, 
0 without departing froln the spirit and scope of 
this invention. 
Wha/ is claimed is: 
1. An endothermic gas-solid reaction apparatus 
comprising a vertical outer tube; a vertical upper 
35 inner tube spaced inwardly from the outer tube 
in an upper portion thereof and communicating 
with the outer tube at its bottom; a vertical lower 
irmer tube spaced inw.ardly from said outer tube 
below said upper inner tube, communicating with 
40 said outer tube af its bottom, and closed from 
communication with said upper inner tube at its 
top; said inner and outer tubes defirfing between 
them a vertical reaction zone bounded externally 
by said outer tube and internally by the inner 
5 tubes and communicating with the upper inner 
tube at the bottom thereof; means for feeding 
solid reactants into the upper end of said reaction 
zone to descend therethrough about said upper 
inner tube and thence about said lower irmer 
0 tube for discharge below said lower inner tube; 
means for introducing gaseous reactants into the 
lower inner tube to pass from the open bottom 
thereof upwardly through the reaction zone about 
said lower inner tube .and inwardly into the bot- 
,55 tom of said upper inner tube; means for intro- 
ducing gaseous reactants into the upper end of 
the reaction zone to pass downwardly about the 
upper inner tube and into the bottom portion of 
the upper inner tube; said upper inner tube hav- 
60 ing a discharge duct leading from its upper por- 
tion for discharging gaseous products entering 
the lower end of said upper inner tube. 
2. An endothermic gas-solid reaction appara- 
tus according to claire 1, in which the upper inner 
65 tube terminates in widely spaced relation to the 
lower irmer tube, and in which the reaction ap- 
paratus further comprises .a$ least one interme- 
diate inner tube between the upper and lower 
inner tubes in communication with the outer tube 
70 ai ifs bottom and closed from communication 
with the upper inner tube af its top. 
3. An endothermic gas-solid reaction pparatus 
according fo claire 1, in which the upper inner 
tube has a heat conductive wall separating its in- 
'5 terior from that part of the reaction zone sur- 
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rounding it so that gaseous products passing up 
wardly within said upper inner tube are in indi- 
rect countercurrent heat transfer relation to the 
gaseous and solid reactants passing downwardly 
in the reaction zone about said upper inner tube. 
4. An endothermic gas-solid reaction apparatus 
according to claim 1, in which the lower inner 
tube has a heat conductive wall separating its in- 
terior from that part of the reaction zone sur- 
rounding if, and in which the means for intro- 
ducing gaseous reactants into the lower inner tube 
effects such introduction into the upper closed 
end thereof, so that the gaseous reactants passing 
downwardly through the lower inner tube fo en- 
ter the lower end of the reaction zone are pre- 
heated by indirect heat transfer from the solid 
reactants passing downwardly about said lower 
inner tube and by the gaseous reactants passing 
upwardly thereabout. 
5. An endothermic gas-solid reaction appara- 
tus according to claim 4, in which the upper inner 
tube has a heat conductive wall separating its in- 
terior from that part of the reaction zone sur- 
rounding it, so that gaseous products passing up- 
wardly within said upper inner tube are in in- 
direct countercurrent heat transfer relation fo 
the gaseous and solid reactants passing down- 
wardly in the reaction zone about said upper in- 
ner tube. 
6. An endothermic gas-solid reaction apparatus 
according to claim 4, in which the upper inner 
tube has a heat conductive wall separting its in- 
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terior from that part of the reaction zone sur- 
rounding if, so that gaseous products passing up- 
wardly within said upper inner tube are in indi- 
rect countercurrent heat transfer relation to the 
5 gaseous and solid reactants passing downwardly 
in the reaction zone about said upper inner tube, 
and in which the outer tube has heat conductive 
walls bounding the reaction zone and is external- 
ly heated. 
10. 7. An endothermic gas-solid reaction appara- 
tus according to cl.aim 4, in which the means for 
introducing gaseous reactants into the lower in- 
ner tube comprises a conduit closing the upper 
end of the lower inner tube from communication 
15 with the upper inner tube but extending in heat 
exchange relation within said upper inner tube. 
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